Objective. We examined whether auricular acupressure (AA) can alleviate postoperative pain and decrease narcotic consumption and its adverse effects for osteoarthritis patients after total knee arthroplasty (TKA). Interventions. The AA group received true AA by embedding vaccaria seeds at four specific AA points (knee joint, shenmen, subcortex, sympathesis) ipsilateral to the surgery site, while the control group received four nonacupuncture points on the auricular helix.
Introduction
Total knee arthroplasty (TKA) is associated with moderateto-severe postoperative pain [1] . Failure to provide adequate analgesia may impede early physical therapy and rehabilitation, which are important factors for maintaining joint range of motion (ROM) and facilitating hospital discharge. Patient-controlled analgesia (PCA) is an important method of treating severe postoperative pain because it provides a higher degree of satisfaction with pain relief [2, 3] . However, systemic opioids administered via PCA pumps can cause numerous adverse effects such as respiratory depression, decreased intestinal motility, nausea, vomiting, and itching, which can all lead to decreased life quality after major surgery and may result in significant morbidity and even mortality. In order to achieve better postoperative pain relief and decreased adverse effects, various complementary nonpharmacological analgesic techniques, including acupuncture, have been tested [4, 5] . However, to the best of our knowledge, there is little literature about the application of auricular acupressure (AA) for analgesia in the perioperative period of TKA. We therefore designed a prospective, randomized, sham control trial to determine whether ear acupressure at four specific preselected AA points can alleviate postoperative pain and decrease opioid consumption and its adverse effects for osteoarthritis patients after TKA.
Materials and Methods
This prospective, randomized, sham control study was performed between June 2008 to August 2009 and July 2010 to November 2010 at the Department of Orthopedics, the first Hospital affiliated to Zhejiang University of Traditional Chinese Medicine, Hangzhou, China. The study was approved by the hospital's ethics committee. Patients with an American Society of Anesthesiologists (ASA) physical status of I-II scheduled for elective TKA because of degenerative osteoarthritis were enrolled in the study. Exclusion criteria were age younger than 18 years or older than 80 years, ASA physical status III (severe systemic disease with functional limitation), inability to understand the consent form or how to use a PCA device and a visual analog scale (VAS) for pain measurement, auricular acupuncture in the past, allergy to remifentanil and other opioids, history of drug or alcohol abuse or chronic pain therapy, extreme obesity, the presence of a pacemaker, asthma, diabetes, corticosteroid use, and eczema of the ear or history of any previous surgery of the ear.
One day before surgery, the patients were told that they would receive AA at specific acupuncture points or nonacupuncture points in addition to standard postoperative analgesia via PCA, and they provided informed consent. Then the acupuncturist randomly assigned the patients to two groups using the sealed-envelope method. After the acupressure, the acupuncturist had no further personal contact with the study patients. The group allocation was unblinded after data analysis was completed.
A sample size of 26 subjects per group provided 80% power to detect a clinically meaningful difference in analgesic via PCA among two groups at an alpha level of 0.05 (two-tailed test). In addition, in anticipation of a dropout rate of 10%, we enrolled at least 30 participants in each group.
Between June 2008 and August 2009, we completed a preliminary experiment in which we found applying auricular acupoint acupressure in the perioperative period of TKA favorably alleviated postoperative pain, so we continued the research and performed the same study between July 2010 and November 2010. Eventually, 90 degenerative osteoarthritis patients participated in this study and were randomly divided into two groups (AA group and sham control group) of 45 patients each. There was no difference in gender, age, body weight, ASA physical status and the severity of knee osteoarthritis, which was evaluated by the Kellgren-Lawrence radiographic grading criteria among two groups (P > 0.05) ( Table 1 ).
All the patients in the two groups were provided the same epidural anesthesia, surgery was performed by the same group of surgeons, and the same prosthesis was used. Following surgery, each patient received the PCA pump for postoperative pain relief containing a mixture of fentanyl 0.8 mg, Crispin melanate (tramadol hydrochloride; Grunenthal Gmbh, Aachen, Germany) 800 mg, and 0.9% sodium chloride solution 400 mL. The PCA pump was set to continuously deliver 3 mL/1 h of the mixture and provide a single dose of 4 mL with a 30-minute lockout period pro re nata. The PCA pump was left connected to the patient until the third postoperative day. In addition, each patient was administered celecoxib 200 mg bid for 7 days. The same prophylactic antibiotics were routinely given, including one dose intraoperatively, and were continued for 3 days postoperatively.
The two groups received AA at different places in the ear over the postoperative pain relief. The AA group received acupressure at four acupuncture points ipsilateral to the surgery site-knee joint, shenmen, subcortex, and sympathesis ( Figure 1 )-while the sham control group received four nonacupuncture points on the helix ipsilateral to the site of surgery, which has been described as the most suitable for sham acupuncture ( Figure 2 ) [6] . AA involved embedding vaccaria seeds (Vaccaria segetalis Garcke, known in China as Wang bu liu xing) on the auricular acupoints one day before surgery. Acupressure was applied by repeatedly pressing the acupoints with the fingertips for 3 minutes per point, four times per day, and ended 7 days after surgery. The seeds were kept in place unilaterally by applying an adhesive patch onto the acu- points. Patients were instructed by the acupuncturist on how to apply AA. To validate the AA, two clinical acupuncture experts confirmed the acupoints and performance. The patients received guidance from an acupuncturist to maintain their compliance and accurate acupressure performance.
The outcome measures were as follows: 1) Pain Intensity: A VAS was used to evaluate pain intensity when undergoing joint motion. The VAS consisted of a 10-cm horizontal line with two end points labeled as 0 (no pain) and 10 (worst pain ever). The mean VAS score at hours 12, 24, 36, and 48 and days 3, 4, 5, and 7 postoperatively was calculated.
2) The used dose of analgesic via PCA was evaluated at 1-12, 12-24, 24-36, and 36-48 hours after surgery, and the total dose of analgesic was evaluated for the 48 hours.
3) The incidence of analgesiarelated adverse effects such as nausea and vomiting, dizziness, drowsiness, and urinary retention were recorded. 4) The Hospital for Special Surgery (HSS) scores of preoperative, 2 weeks, and 3 months after surgery were evaluated. 5) The ROM before surgery and 2 weeks and 3 months after surgery were evaluated.
The Student's t-test was used for the analysis of HSS scores, ROM, VAS, and dosage of analgesic via PCA. Chi-squared test was used to analyze the incidence of analgesia-related adverse effects. Statistical significance was measured at P = 0.05 for all analyses. Statistical analysis was performed using SPSS (Chicago, IL, USA) software.
Results
Eventually, 90 degenerative osteoarthritis patients participated in and completed this study. Postoperative pain intensity scores were similar in the two groups at 12, 24, 36, and 48 hours, but the AA group's pain intensity scores were lower than those of the sham control group at 3, 4, 5, and 7 days (Table 2) . Patients in the AA group used less analgesic via PCA than in the sham control group at each time point after surgery (Table 3) . Also, the incidence of analgesia-related adverse effects in the AA group was lower than that in the sham control group (Table 4) . HSS scores were similar in the two groups preoperatively and at 3 months postoperatively; however, the HSS scores of 2 weeks postoperatively in the AA group were higher than those in the sham control group (Table 5 ). There was no difference in ROM in the two groups at all time points (Table 6) .
Discussion
TKA has become the ultimate effective treatment for patients who suffer advanced stages of osteoarthritis. However, this surgical method is associated with severe postoperative pain and failure to provide adequate analgesia may impede early physical therapy and rehabilitation. Effective postoperative analgesia should not just aim to alleviate the pain of patients, but also to support early ambulation and physical therapy to restore the knee's ROM as soon as possible, and also should seek to cause fewer adverse effects.
Acupuncture and related techniques such as auriculotherapy have been used as therapeutic methods in China for over 2,000 years and are gaining increasing acceptance in the West, where their use has increased considerably in recent decades, especially for pathologies characterized by the presence of pain [7] . Usichenko et al. [8] designed a randomized controlled study demonstrating that auricular acupuncture could be used to reduce postoperative analgesic requirements. In our study, we focused on four of the most important and common auricular points, which are associated with analgesia and sedation ( Figure 1) . Stimulation of the first point, Shenmen, is associated with both calming and analgesic effects. The second point, the Thalamus Point (subcortex), is also associated with both calming and analgesic effects. The Sympathesis Point, our third point, is associated with a general sedative effect facilitating overall relaxation and relieving generalized anxiety. Our fourth point, the Knee Joint Point, corresponds to the location associated with reducing knee pain. Our study aimed to determine whether ear acupressure at four specific preselected AA points can alleviate postoperative pain and reduce opioid Table 2 Postoperative pain intensity of the two groups (x Ϯ S) (P < 0.05) analgesic consumption and its related adverse effects for osteoarthritis patients after TKA.
Wang bu liu xing, the dried seeds of Vaccaria segetalis, is a well-known traditional Chinese medicine, officially listed in the Chinese Pharmacopoeia, and widely used for auriculotherapy in China. These naturally growing vaccaria seeds are carefully selected for size (approximately 2 mm in diameter), placed on adhesive tape, and packaged for convenient clinical use, primarily in auriculotherapy ( Figure 3 ). The seeds do not have intrinsic therapeutic value but just provide the physical stimulation to acupoints. Because of their smooth surface, which is not harmful to human skin and is difficult to break into pieces when doing AA, the seeds are well suited for AA.
Our data on postoperative pain relief confirm that there was no difference in VAS scores between the two groups during the 48 hours postoperatively and that VAS scores decreased over time; however, from the third day, the VAS score in the AA group was significantly lower than that in the sham control group (P < 0.05) ( Table 2 ). The consumption of analgesic via PCA in each 12-hour period and total dosage in the AA group were significantly lower than those in the sham control group (P < 0.05) ( Table 3 ). This result indicates that patients using acupressure were able to maintain the same level of pain control while consuming less analgesic. The reason for the VAS score similarity between the two groups during the 48 hours postoperatively was that all the patients who accepted pain relief by analgesic via PCA were also administered celecoxib 200 mg bid for 3 days, which provided a higher degree of satisfaction with pain relief [2, 3] . The incidence of analgesia-related adverse effects such as nausea and vomiting, dizziness and drowsiness, and uroschesis in the AA group was significantly lower than that in the sham control group (P < 0.05) (Table 4) , which confirms the hypothesis that AA could reduce analgesia-related adverse effects. Our finding is similar to Usichenko et al.'s [8] .
HSS scores were similar in the two groups preoperatively and 3 months postoperatively; however, 2 weeks postoperatively, HSS scores in the AA group were higher than those in the sham control group (P < 0.05) ( Table 5 ). There was no difference in ROM between the two groups (Table 6 ). According to the data, it seems that the patients in the AA group had a better pain relief and joint function after TKA in the short term. It also implies that the AA had a short-term curative effect in pain relief.
In addition, we evaluated the success of blinding. In our study, 42 patients from the AA group vs 41 from the control group believed they had received true acupuncture and wanted to continue this procedure for pain relief. Two patients out of 45 from the AA group and 2 out of 45 from the control group thought they had received sham acupuncture. One patient from the AA group and two patients from the control group were unsure whether they had received true AA or sham acupuncture. Two patients from the control group inquired whether the acupressure points can alleviate postoperative pain or not. The betweengroup differences in patients' opinion concerning blinding were not significant.
Conclusion
We conclude that in our study, applying auricular acupoint acupressure in the perioperative period of TKA favorably alleviates postoperative pain, decreasing opioid analgesic consumption and its adverse effects, and promoting early rehabilitation. It also has the advantage of low cost, fewer complications, simple application, and high safety.
